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QUARTZ CRYSTAL RELIABILITY STUDIES
REPORT NUMBER 2
CONTRACT DA 36-039 SC-89199
SIGNAL CORPS TECHNICAL REQUIREMENTS
NUMBER SCL-7003/84, 5 SEPTEMRER 1961
DEPARTMENT OF THE AR{Y PROJECT NUMBER 991500401

SECOND QUARTERLY REPORT, 5 JULY 1962 to 5 OCTOBER 1962

The objectives of this study are:
1. - The determination of the causes of failure in gquartz
crystal units.
2. - The formulation of accelerated tests for the determina-
tion of "time to first failure", "meantime between failures",
and "life time".
3. - The evaluation of such factors as elevated temperatures,
and drive levels other than the recommended drive levels,
in causing failure of quartz crystal units.
L, - The determination of a satisfactory definition of

failure in terms of performance.

This report was prepared by Carleton E. Jones.
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Statement of Purpose

This study is an investigation of factors that produce failures
of quartz crystal units. The work is divided into five phases, which
are not necessarily to be performed in chronological order.

Phase I: The contractor will procure, from industry, military
quartz crystal units in the types and quantities specified in Signal
Corps Technical Requirement SCL-7003/84. Each of these quartz crystal
units will be subjected to all preproduction tests required by Specifi-
cation MIL-C-3098C, and such other tests as may be required to establish
that the crystal units are of a qualitiy suitable for the study. Any
crystal units which fail these tests will be eliminated from further
study.

Phase II: The crystal units that conform to all specification
requirements during Phase I testing will be subjected to tests as listed
below.

(a) All crystal units that are normally operated under coatrolled
temperature conditions will be stored at their specified
operating temperatures.

(b) One-fourth of the crystal units that are normally operated
under non-controlled temperatuie conditions will be stored at
plus 85 degrees centigrade. The remaining three-fourths of
these units will be operated in oscillators at room ambient,
one-third of them at 25 percent of rated drive level, one-
third at 100 percent of rated drive level, and one-third at

500 percent of rated drive level.



(¢) Measurements of series resonant frequency and resistance will
be made at the end of each of the following periods of time
after the start of the test: 24 hours, 125 hours. 225 hours,
500 hours, 1000 hours, 2000 hours, and 5000 hours.

Phase III: The frequency versus temperature characteristics of

the crystal units will be redetermined.

Phase IV: Those cryslal units which still meet the requirements
of MIL-C-3098C at the end of Phase III will be divided into two lots,
one of which will be subjected to shock tests, the cther to vibration
tests. Tne frequency and effective resistance of the crystal unite will
then bve redetermined.

Phase V: A final report will be prepared, analyzing the data
generated in Phases I through IV with regard to: (a) determination of
causes of failure; (b) the formulation of tests tc determine "time to
first failure", "mean time between failures", and "life time"; (c) the
effects of elevated temperatures, and high and low drive levels in
inducing failure; (d) a workable definition of failure in terms of
crystal performance; and (e) determination of a reliability figure for

quartz crystals.



Abstract

Phase I (the preproductiom testing of the crystal units) is pro-
g.essing weil. Two hundred ten cf the six hundred crystal samples in-
voived in this study have completed Phase I and are now 1n Phase II
testing.

Nc problems of any significance have been encountered in performing
either Phase I or Phase II tests. Slow delivery of the crystal units
by the manufacturers continues tc be the majcr element slowing progress

with the study.
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, ana Conferencec

During the period ccvered by this Quarterly Report, there were nc
publication. issued, and no lectures delivered.

The First Quarter.y Repori ¢f thi, study was prepared and distributed,
the distrivution being accemplished during the week endins; © September
1962. Mec third and fcuriun monthly reports were also submiited during
vils perica.

A ccnference was held 10 July 1962, at the U.S. Army Research and
Develcpment Laboratories, Fort Mcnmouth, New Jersey. The Sigrel Corps
representatives present were Mr. M. Bernstein, Mr. J. Staniey, ana Mr.

P. Muivinhiil. The contractor was represented by Mr. w. Ingiirg, Mr. C.
Joneg, and Mr. E. Roeger. The discussions neld were ci a general nature,
and l2d %o come clarification cf the statement ¢f work. A ccnsensus was
reac.2d regarding both the terminclogy and the methocs tc be emplcyerd

in performing the work outlined in Signal Corps Technical Reguirement

SCL-TO03/S+.

-




FLCTUAL DATA

During the period covered by this report several partial shipments
of sample crystals were received. Manufacturer "A" has delivered all
the CR-184/U units, al. the CR-32A/U units, and 79 of the 120 CR-6T/U
units that were ordered. No CR-T4/U samples have been received from
manufacturer "A".

Manufacturer "B" has delivered 90 of 120 CR-184/U units ordered,
as well as 103 of 120 CR-67/U units, § of 30 CR-32A/U units, and all
30 CR-?Q/U units. All the crystal units that have been received are
now undergoing, or have completed, the preproduction tests.

The following identification system has been established for use
during the study of the crystals supplied by manufacturer "A":

Lot 1 - Type CR-184/U, numbered from 1 through 30
Lot 2 - Type CR-184/U, mmbered from 31 through 60
Lot 3 - Type CR-184/U, numbered from 61 through 90
Lot 4 - Type CR-18A/U, numbered from 91 through 120
Lot 5 - Type CR-6T/U, numbered from 1 through 30
Lot 6 - Type CR-67/U, numbered from Al through A30
Lot 7 - Type CR-6T7/U, numbered from Tl through T30
Lot 8 - Type CR-67/U, numbered from L1 through L30
Lot 9 - Type CR-32A/U, numbered from 1 through 30
Lot 10 - Type CR-T4/U, numbered from 1 through 30

A parallel identification system has been established for the
crystals supplied by manufacturer "B".

Lot 11 - Type CR-184/U, numbered from 1 through 30
Lot 12 - Type CR-184/U, numbered from 31 through 60
Lot 13 - Type CR-18A/U, numbered from 61 through 90
Lot 14 - Type CR-184/U, numbered from 91 through 120
Lot 15 - Type CR-67/U, numbered from 1 through 30
Lot 16 - Type CR-67/U, numbered fram Al through A30
Lot 17 - Type CR-67/U, numbered from Tl through T30
Lot 18 - Type CR-67/U, numbered from L1 through L30
Lot 19 - Type CR-32A/U, numbered from 1l through 30
Lot 20 - Type CR-Th/U, numbered from 1 through 30



All crystal samples that have been recelved have been identified
according to this system. Ao the balance of the crystal samples are
recelived, they will alsc be marked in accordance with this system.

During this report period, Lets 1, 2, 3, 4, 5, 6, and 9 completed
tne preproduction tests of Gpecification MIL-C-3098C, and entered Phase

IT testing. Lots LI, 12, 13,

=

5. 16, and 17 complrted th: preproduction
tests through Low Temperature Stcrage. Lot 20 completed the prepro-
ducticn tests through the initiai measurement of ceries resonant fre-
quency and effective resistance.

Descriptions of the munner of performing the visual and mechanical
exapinations, and the insulaticn resistance, shunt capacitance, overall
frequency tolerance, and unwanted modes were included in the First
Quarterly Repurt. The remainder of the preproduction tests were perfromed
as descrived belcw:

(a) Reduced Drive Level

A fixed resistor, whose resistance is equal to the maximum
allowable resistance for the crystal umnder test, i1s connected to
the crystal socket of the test set. The screen voltage ccntrol cf

Lthe test set is then adjustec to provide a grid-current meter de-

flection 2.5 microamperes greater than the non-oscillating reading

¢f the grid-current meter. The meter shunt control is at its
maximum c.ockwise seiting when this adjustment is made. The fixed
resistor is then removed from the crystal socket of the test got,
and the crystal under test is plugged into the socket. Tne grid-

current meter shall show a deflection of at least 2.5 microamperes



from the ncn-oscillating grid-current meter indication. The crystal
must alsc operate on frequency.
(b) Shock
The series resonant frequency and the effective resistance of
thie crystels are determined and recorded. The crystal units are
then mounted in the specified shock machine and subjected to three
impact shocks, each of 100 Gravity units intensity. One impact
shock 15 applied along each of the three mutually perpendicular
axes of each crystal unit. Following this, the series resonant
frequency and the effective resistance of the crystals are again
determined.
(¢) Vioration
The series resonant frequency and the effective resistance of
the crystal units are measured and recorded prior to vibration.
The crystal units are then rigidly mounted un the taple of & low-
frequency vibrstion machine, so that the applied vibration wilil be
as follows:
One-third of the units will have the vibratory motion
applied parailel tc the vertical axes of the crystal holders.
One-third of the units will have the vibratory motion
applied parallel to the major horizontal axes of the crystal
holders.
One-third of the units will have the vibratory motion
applied parallel to the minor horizontal axes c¢f the crystal

holders.



(d)

The vibration consists of a simple harmonic motion having
an amplitude of 0.03 inch (total excursion of 0.06 inch) and
is applied continuously for a period of two hours. The fre-
quency of the vibration is varied uniformly from 10 to 55
cycles per second, and returned to 10 cycles per second, once
each minute. At the conclusion of the two hour period, the
crystal units are removed from the low-frequency vibration
machine, and then rigidly mounted to the table of a high-
frequency vibration machine. The method of mounting and the
orientation of the crystals units is the same as that for the
low-frequency portion of the test.

The vibration consists of a simple harmenic motion having
the necessary amplitude to provide the specifiled acceleracion
throughout the range of frequencies from 50 to 500 cycles per
second. The frequency of vibration is autamatically changed,
at a logarithmic rate, from 50 to 500 and back to 50 cycles
per second in a period of 12 minutes. The iest 1s contimued
for a period of three hours.

At the conclusion of the three hour period, the crystal
units are removed from the vibration machine, and the series
resonant frequency and effective resistance are measured and
recorded.

Heat Cycling

Prior to the heat cycling test, the series resonant frequency

e wl DO R oo

and the effective resistance of the crystal units are measured and

recorded. Folloving these measurements, the crystal units are
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placed in a well-ventilated oven equipped with an automatic program

controller and subjected to the following temperature cycle:

(e)

From an initial temperature of approximately plus 25
degrees Centigradé, the temperature within the oven is in-
creased to approximately plus 100 degrees Centigrade. The rate
of change of temperature is less than 2 degrees per minute.
After the temperature reaches the 100 degree level, it is main-
tained at that level for a period of 30 minutes. At the con-
clusion of the 30 minute period, the temperature within the
oven is decreased to approximately plus 25 degrees Centigrade,
with the rate of temperature change less than 2 degrees per
minute. This completes one cycle. The test is continued,
without interruption, until three cycles have been completed.
At the conclusion of the third cycle the series resonant fre-
quency and the effective resistance of the crystal units are
again measured and recorded.

Low Temperature Storage

The series resonant frequency and effective resistance of the

crystal units are measured and recorded. The crystal units are

placed in a refrigerator, and starting from a temperature of approx-

imately plus 25 degrees Centigrade, the temperature withim the

refrigerator is reduced tc approximately minus 65 degrees Centigrude,

and then maintained at that level for a period of one hour. At

the end of the one hour period, the temperature 1s increased to

approximately plus 25 degrees Centigrade, the rate of temperauure

change being less than 10 degrees per minute. This completes one



cycle. The test is continued, without interruption, until three
cycles have been completed. At the conclusion of the third cycle,
the crystal units are removed from the refrigerator, and their
series resonant frequency and effective resistance are again mea-
sured and recorded.
(f) Leakage

The crystal units are immersed in a quantity of distilled
water (containing a wetting agent) in an open glass container. The
glass container 1s then placed in an altitude chamber, the cham-
ber 1s closed and sealed, and the air pressure within the chamber
is reduced to from 1.30 to 1.34% inches of mercury, absolute. This
pressure is maint-ined for a period of five minute. During this
period the crystal units arc observed for leakage, as evidenced by
a continucus formation of bubbles fram the crystal units. At the
conclusion of the five minute test period, the air pressure within
the chamber is returned to rcom ambient, and the crystal units are
removed from the test container and dried. The series resonant
frequency and effective resistance of the crystal units are then
measured and recorded. (This check of frequency and resistance is
not required by Specification MIL-C- 3098C, but is performed be-
cause of the possibility that leakage might occur which is not
visually detected.)
(g) Immersion

The crystal units are subjected to an immersion test, per-

formed as follows: The crystal units are placed in a wire mesh

10
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basket, and then completely immersed in a hot bath of fresh (tap)
water. The temperature of the hot bath is kept between plus 65
and plus 70 degrees centigrade, and duration of the immersion is
15 minutea. The crystals are next lifted from the hot bath, and
immediately immersed in a saturated solution of sodium chloride
and water, the temperature of this bath being between plus 20 and
plus 25 degrees Centigrade. The duration of this immersion is al-
80 15 mimutes. This procedure is performed twice, then the crystal
units are rinsed in rumning tap water, dried, and the insulation
resistance, series resonant frequency, and effective resistance
are measured and recorded.

(h) Salt Spray (Corrosion)

The crystal umits are subjected to the following salt spray
test: The crystal units are suspended within the salt spray cham-
ber by means of chemically insert cords. The chamber is then
closed, the temperature within the chamber ies increased to between
plus 92 and plus 97 degrees Fahrenheit, and the specified salt
spray is introduced into the chamber. The test is contlinued for
a period of 48 hours, then the crystal units are removed from the
test chamber, washed in running tap water, dried, and examimed for
evidence of corrosion. Finally, the series resonant frequency and
the effective resistance are measured and recorded.

(1) Aging
One-half of the crystal units of each type are subjected to

the aging test. The crystal units are mounted in an oven, in

1l



crystal sockets, and lcads are brought cut of the coven to the te:st
set. The oven is closed, and the temperature within it is in-
creased to the temperature zpecificu in MIL-C-3098C for agi;E’the
type of crystal being tested. The oven used is capable of main-
taining any selected temperature (inm it: renge) within plus or
minus one-tenth of a degree centigrade. After 24 hours, and again
after 96, 192, 264, 360, 432, 528, 600, 672, an: T20 hours, the
series resonant frequency of the crystal units was measured and
recorded. The crystal units were not removed from the test cham-
ber for the performance of these measurements.
(j) Moisture Resistance

The one-half of the crystal units of each type that are not
subjected to the aging test are subjected tc the musiture resis-
tance test. The crystal units are dried, at a temperature of plus
50 degrees Centigrade, for a period of 24 hours. The crystal units
are *nen transferred to the mositure resistance test chamber,
where they are subjected to 10 continuous 2k hour cycles, as fol-~
lows: During the first two and oane-half hours, the temperature
is reiced from epproximately plus 25 degrees Centigrade toO plus
65 degrees Centigrade. This temperature is maintained fcr a period
of three hours. The temperature falls to plus 25 degrees Centi-
grade during the next two and one-half hour period, and i: again
increased to plus 65 degrees Centigrade in the succceding two and
ore-half hours. The temperature is maintained at that level for
three hours, and 1s tnen gradually reduced to plus 25 degrees

Centigrade during a pericd of two and one-half hours. The temper-

12
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ature is maintained at pius 25 degrees Centigrade for a period of
eight hours. This cocmpletes one cycle. Throughout the 24 hour
cycle the relative humidity was maintained between YO and 98 per-
cent, with the following exception:

In five of the first nine cycles, during the eighteenth
through the twenty-first hours of the 24 hour cycle, the temper-
ature is reduced to minus 10 degrees Centigrade. The humidity is
not controlled during this portion of the test.

At the conclusion of the 10 cycles, the crystals are removed
from the test chamber, stored 24 hours at room conditions, and
then the insulation resistance, series resonant frequency, and
effective resistance are measured and recorded.

(k) Temperature Run for Extended Temperature Ranges

All crystal units designed for operation under noncontrolled
temperature conditions are tested for conformance with the pro-
visions of MIL-C-3098C through their specified temperature range.
The test equipment employed includes the following items:

(1) Crystal Impedance Meter, TS-683/TSM

(2) vacuum tube Voltmeter, Hewlett-Packard Model 4i0-B

(3) standard frequency source, General Radio Type 1101-A

plezo-electric oscillator and Type 1102-A multivibrator
and power supply

(4) Multi-band radio receiver, Rammarlund Model SP-600

(5) Electromic Frequency Meter, Hewlett-Packard Model S500B

(6) Temperature Recorder, Brown, Model 153 X lOV-K-26

(7%8) Recording Meters, Esterlime-Angus Model AW

(9) Test slug, aluminum

(10) Oven, and auto-transformer

éll) Cold storage box

12) Platinum wire temperature sensor
(13) Interpolation Oscillator, General Radio Type 1107-A

13




The setup and test procedure are as follows: All equipment
is energized, and allowed to "warm-up" for a period of one hour.
The drive adjustment of the crystal impedance meter is set near
its low extreme, one of the test crystals is plugged 1Ato the
crystal impedance meter, and the tuning control of the crystal
impedance meter is adjusted to approximately the crystal frequency.
The crystal impedance meter tur:ing and drive controls are adjusted
until the grid-current meter indicates that the crystal i1s oscil-
lating. The receiver is then tuned to the crystal frequency.

The crystal is removed from the crystal impedance meter, the appro-
priate calibrating resistor is plugged into the crystal socket,

and the vacuum tube voltmeter is used to adjust the drive level, as
detailed in the instruction manual for the crystal impedance meter.
The calibrating resistor is removed from the crystal impedance
meter, a crystal plugged in, and the receiver tuning is adjusted
for optimum reception of the signal from the crystal.

The output of either the 100 kilocycle or the 10 kilocycle
multivivratcer, depending on the nominal frequency of the crystal
being tested, is coupled to the input of the receiver. The two
signals are heterodyned in the receiver. The output of the receiver
is an audio signal equal in frequency to the difference, in cycles
per second, between the two R.F. signals.

The output of the interpolation oscillator is connected to
the input of the electronic frequency meter, and the output from

the frequency meter is connected %o one of the recording meters.

1k
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Since the output of the electronic frequency meter is proportional
to the input frequency, it is possible to cause the pen of the
recorder to deflect in proportion to the frequency set up on the
interpolation oscillator. The interpolation oscillator is set to
the nominal frequency difference between the crystal and the
standard harmonic signal. The recorder pen is adjusted to make
this frequency fall at the center of the recorder chart, and the
chart is advanced, leaving a mark at the nominal difference fre-
quency point.

The output frequency of the interpolation oscillator is then
adjusted, in turn, to the audio difference that marks the lower
and upper frequency limits allowed the crystals, and the chart is
marked at these two limits. This completes the calibration of
the frequency test equipment. The interpolation oscillater is dis-
connected from the frequency meter, and the output from the re-
ceiver is connected to the input of the frequency meter. The pen
of the recorder will trace cut any changes in the difference be-
tween the two frequencies fed to the receiver, and since the
stability of the signal from the standard oscillator is of a high
order, any variations in the difference frequency can logically
be attributed to a change in the frequency of the crystal being
tested.

The crystsal is removed from the socket of the crystal impedance
meter, and a calibrating resistor, equal in resistance to the

meximum effective resistance specified for the crystals being

15



tecsted, 1s plugged into the meter. The circuit to the grid-current

meter of the crystal impedance meter is opened, and the meter cur-

rent is fed into a D.C. amplifier. The output of the D.C. ampli-

fier is connected to a recording meter. The D.C. amplifier gain

and the mechanical adjustments of the recorder are set to give a

convenient deflection on the recorder chart, this deflection is

marked on the chart, and its ohmic equivalent is noted. A series

of resistors having less resistance are then plugged into the

test set, and the meter deflection caused by each is marked on the

chart. Thus, vhen a crystal is plugged into the crystal impedance -.
meter the position of.the recorder pin gives, at any instant, an
indication of the effective resistance of the crystal unit at
that instant.

The temperature monitoring system functions as follows: The
temperature sensor is a platinum resistance element, which is
built into a crystal holder of the same size as the holder of the -
crystal to be tested. An aluminum slug, such as that illustrated e
in Figure 1, is used to hold the crystal and the temperature sensor.
The leads of the temperature sensor are connected to the electronic
temperature recorder, which is a resistance-bridge type. The
chart drive mechanism of the temperature recorder is inoperative,
and the chart is marked, at five degree Centigrade increments above
and below zero degrees, with a narrow strip of conductive paint.

A series circuit is established from a plate circuit relay (on an

auxiliary chassis), through the pen of the recorder, the conductive

16




paint, and back to the relay. As the temperature changes and the
recorder pen moves along the chart, the plate relay closes momen-
tarily each time a five degree temperature increment is reached.
The marker pens at the edges of the charts of the Esteriine-Angus
recorders are connected to a circuit which includes the contacts
of the plate circuit relay. Thus, as each five degree increase or
decrease in temperature occurrs, the edge of the frequency and
resistance charts are marked.

In testing a crystal through its operating temperature range,
the procedure is as follows: A crystal is put into the well in
one end of the aluminum test slug, and the temperature sensor is
put into a corresponding well in the other end of the slug. The
assembly 1s put into a cold storage bcx which contains finely
divided dry ice, and the temperature of the assembly is reduced to
a point a fev degrees belcw the minimum specified operating temper-
ature of the crystal.

A small oven, which was mede by winding asbestos-covered
resistance wire around a length of copper tubing vhose inside di-
ameter was a close fit over the test slug, is mounted on the front
of the crystal ipmpedance meter, so positioned that when the slug
is inserted into the oven, the crystal pins are connected with
the crystal socket in the impedance meter. The winding of the
oven is connected to the output of an auto-transformer. The out-
put voltage of the auto-transformer is pre-set to a level that
will cause the temperature of the crystal to increase at the rate

required for the test.

17



The slug is rem~ved rom the cold box, inserted in the oven,
and the recorders and aulo-transfcrmer are energizea. As the
texperature reaches minus 55 degrees Centigrade, the marker pens
nf the recorders mar< a temperature pip on th~ frequency and re-
sistance cherts. A continuous recording of <he series resonant
frequency and effective resistance of the crystal are produced
threcugn the cperuting temperatuse range, with tempe:ature reference
rarks ut 5 degree intervals elong the edge of the chart. This
procedure is repeated foi' each crysta. of the same type and fre-
guency.
For testing crystals of the temperature-controlled type, the
cold box is eliminated, anl the temperature of the crystal is
raised from room temperuture through its maximum operating temper-
ature at s controlled rate. Temperature markers are put on the
¢narss at five degree intervals throughout the specified operating
Lempere.ue range.,
PHACE II:

Performance of Phase II testing was begun on 12 September 1962.
On that cdate, Lct 1 was placed in non-operating storage, at a temper-
ature of plus 85 degrees Centigrade, in accordance with the provisions
of Paragreph 3.2.2b, Signal Corps Technical Requirement SCL-7003/8h.
The .ver in which the Lot 1 crystals are stored is fitted with racks
which contain crystal sockets. The crystal sockets are connected, by
coaxial cable, to bulkhead R.F. connectors (BNC series) which are mounted

in a feed-through panel in the wall of the oven. Thus, the crystals

18



which are stored in this oven can te connected to the crystal impedance
meter for test without removing them from the oven, as a short length

of coaxial cable can te run from the BNC connector to the crystal socket
in the crystal impedance meter.

On 13 September 1962, at the end of the first 24 hours of storage,
Lot 1 was tested to determine the series resonant frequency and effec-
tive resistance of each of the crystal units, and the measured values
of frequency and resistance were recorded. This procedure was repeated
125 hours, 225 hours, and 500 nours after initiation of the storuge
test. It will also be repeated 1000, 2000, 3000, 4000, and 5000 hours
after initiation of the test.

Lot 2 also entered Phase II testing 12 September 1962. This lot
of crystals is being operated in oscillators, at room ambient temper-
ature. All Lot 2 crystal units are being driven at 25 percent of the
rated drive level specified for 15 to 20 megacycle CR-laA/U crystals in
specification MIL-C-3098C.

On 13 September 1962, at the end of the first 24 hours of storage,
the Lot 2 crystals were removed from the oscillators, and placed in an
oven which had been previously stabilized at a temperature of plus 30
degrees Centigrade. After a period of 24 hours at plus 30 degrees
Centigrade, the series resonant frequency and effective resistance of
each of the 30 crystals vas determined and recorded. The crystals were
then returned to operation in their respective oscillators. This entire
procedure, including the 24 hour storage period, will be repeated at
the same periods of time after initiation of the test as were listed

above for Lot 1.

19



Lot 6 was put into storage, at plus 85 degrees Centiprade, on 13
September 1362. Lot 6 is being subjected tc the same test procedures,
rerformed at the same time intervals after initiation of the storage
program, as were described above for Lot 1.

Lot 5 was put into operation, in oscillators, at room temperature,
on 1 September 1962. The drive level for Lot 5 crystals was set to
100 percent of the drive specified for CR-67/U crystals. The crystals
comprising Lot 5 are being subjected to the same test procedures, per-
formed a'. the same time intervals after initiation of the stcrage pro-
gram, as were described above for Lots 2, 3, and 4. |

To the end of this report period, lots 1, 2, 3, 4, 5, and 6 com-
pleted 500 hours of the storage tests. Lot 9 was put into the storage
test at the close of the repcrt period.

PHASES I1I, IV, and V:

The performance of these three Phases of the program cannot be
initiated until completion of Phase II. As any Lot of crystals com-
pletes Phase II testing, that Lot will move into Phase III immediately.
If no malfunctions of test equipment occur, Lot 1 should enter Phase
III approximately 10 April 1963.

TEST DATA:

Test data, showing the series resonant frequency and the effective
resistance ¢f the various crystul units at stated times during prepro-
duction and storage testing, is presented on pages 26 through 62 of
this report. The information on eech Lot of crystal is discussed and

explained in the pages preceeding the data sheets.
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Pages 26 and 27 contain the test data on Lot 1 crystals The
nominal frequency of these crystal units 1s 19,990,700 cycles per sec~
ond. The maximum effective resistance allowed for CR-12A/U crystals
of this frequency is 20 ohms. The overall frequency tolerance is plus
or minus 0.005 percent, the permitted frequency change due to shock or
vibration is plus or minus 0.0005 percent, and the permitted resistance
change due to shock vibration is plus or minus 10 percent. Thus, at
any time in any preproduction test, the frequency of the crystals must
be within plus or minus 1000 cycles per second of nominal frequency,
and the resistance must not exceed 20 ohms, for the crystal to be in
compliance with the requirements of specification MIL-C-3098C. The
change in series resonant frequency due to shock or vibration must not
exceed plus or minus 100 cycles per second, and the resistance must
neither exceed 20 ohms, nor change more than 2 chms due to shock or
vibration. A review of the Lot 1 data reveals that each of the 30 units
conformed to the specification requiremeats throughout the preproduc-
tion tests. The figures recorded on page 26 are the last vfive digits
of the series resonant frequency, in cycles per second. Thus, the 9080k
entered for sample number 1 in the column headed "Initial Frequency"
indicates that the measured frequency of this crystal was 19,990, 804
cycles per second. There are no entries in the column headed "After
Mois. Res.", as aging, rather than moisture resistance, was performed
on this lot of crystals. The figures on page 27 are the resistance, in
ohms, of the samples, as measured after the various preproduction tests.

Pages 28, 29, 30, 31, 32, and 33 record the same information for
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the crystals comprising Lots 2, . and 4. The sole failure to date
among the crystals in Lots 1, g, 3, and 4, was the failure of unit #120,
in Lot 4, during vibration. The following four pages contain the equi-
valent data for Lcts 5 and 6. The frequency tolerances for Lots 5 and
6 are plus or minus 1,250 cycles per second overall, and plus or minus
250 cycies change from shock or vibration. The maximum allowable equi-
valent resistance is 4O chms. The permitted change in resistance from
shock or vibration is plus or minus 4 chms. Failures to date in these
four lots include:

Lot 6: Units A3 and Al3 stopped oscillating during the aging test.

Unit A27 would not oscillate when tested at the end of 225
lhours of high-temperature storage.

Pages 38 and 39 contain date on the performance of the crystals in
Lot 9. These type CR-32A/U crystal units have an cverall frequency
tclerance, in the range from plus 70 degrees Centigrade to plus 80 de-
grees Centigrade, of pius or minus 0.002 percent. The required stability
within this temperature range is plus or minus 1000 cycles per second
of the nominal frequency of 49,997,000 cycles per second (in this ten
desree range) and in addition, cannot vary more than plus or minus 250
cycles per second at any point in that temperature range from any other
frequency measured in that range. Thus, if a crystal is 500 cycles per
second above the nominal frequency at a temperature of 75 degrees Centi-
grade, the frequency, throughout the temperature range from plus 70 to
plus 80 degrees Centigrade, must be between 250 and 750 cycles per second

above the nominal frequency of the crystal. The maximum acceptable
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change in series rescnant frequency from shock, vibration, or aging is
also plus or minus 25 cycles per second. The maximum resistance is
40 ohms, the permitted change in resistance from shocx or vibration is
plus or minus 4 ohms. Failures to date in Lot 7 include:

Units 21 and 27 would not oscillate after vibration. The crystal

holders were opened, and it was discovered that in each of these

units the support wire for the crystal plate had broken from one
of the pins in the base of the holder, at a point adjacent to the
pin.

Unit 28 would not oscillate after low-temperature ctorage.

Units 15 and 19 would not oscillate after the salt spray test.

Lots 11, 12, 13, pages 40 through 45, are CR-18A/U samples from
manulecturer "B". The same tolerances apply to this data as were
listed for lots 1, 2, 3, and 4. There have been no failures to date
among the semples comprising Lots 11, 12, and 13. (The crystals for
Lot 14 have not yet been received fram the manufacturer.)

Lcts 15, 16, and 17, pages 46 through 51, are CR-67/U samples from
manufacturer "B", and are subject to the same tolerances as were listed
above for Lots 5, 6, and 7. The sole failure to date is unit 25 of
Lot 15. The failure was entirely mechanical, one of the leads of the
crystal breaking off flush with the base of the crystal holder during
the shock test. Electrically, this unit still performs satisfactorily.
(The crystals which will make up Lot 18 have not been received from the
manufacturer.) ‘

Data on Lot 20 crystals is presented on pages 52 and 53. There

have been no failures with these crystals.
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The shunt capacitances of the crystals are recorded on data pages
54 through 62. Lot identifications and specification requirements are
included on each data page. No crystal tested has failed to conform to
the specification requirements for shunt capacitance.

For some Lots of crystals, the data presented in this report does
not cover all tests that have been performed, as time limitations pre-
vented reducing all the data taken to date to a format suitable for

inclusion ir .his report.
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Lot 1, Effective Resistance
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Lot 3, Effective Resistance
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Lot 4, Effective Resistance
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Lot 5, Effective Registance
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Lot 6, Effective Resistance
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Fffective Resistance

Lot 11,
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Lot 12, Effective Resistance
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Lot 13, Effective Resistance
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GENERAL DATA SHEET

TEST SPEC: MIL-C- | PAR: TEST NO:
, Shunt 3098C 4.7.3
CONDITIONING: DATE:
|_Room ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, Type CR-18A/U
MAN'UFACTURER: M. NO:
"A'
INSTRUMENTS: TESTED BY:
D. Switzer
Lots Number 1 and Number 2 LAB SUP CHECK:
: | H. Barrett
ENGRG CHECK:
c.6 .
Sample Capacitance,|| Sample Capacitance || Sample Capacitance
Number Pin-to-~Pin, Number Pin-to-Pin | Number Pin-to-Pin
Picofarads Picofarads Picofarads |
1 5.3 21 S.h4 b1 5.3
2 5.7 22 5.3 42 5.4
3 5.2 23 5.0 43 5.6
L 5.6 24 5.4 LYy 5.6
5 S.b 25 5.3 Ls 5.6
6 9.4 26 5.3 46 5.4
7 5.4 27 5.7 47 5.3
8 5.3 28 5.3 L8 5.3
9 5.3 29 5.3 49 5.3
10 5.3 30 5.6 50 5.3
11 9.3 31 9.4 51 Sk
12 5.4 32 5.2 52 5.6
13 5.0 33 5.1 93 5.7
1L 5.3 3h 5.5 ol 5.4
15 9.2 35 5.4 ﬂ 5% 5.k
16 5.4 % 5.4 ﬂ 56 5.2
17 5.4 37 5.3 ST 5.2
18 5.9 38 5.2 58 5.3
19 5.6 39 5.1 59 5.1
20 2.3 i) 5.4 60 23
Required: t exceed
7.0 pf, pin-to-pin.
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GENERAL DATA SHEET

TEST SPEC: MIL-C- | PAR: TEST NO:
~Shunt 3098C §,7.3
CONDITIONING: DATE:
|_Room ambient
MATERIAL: TEMP: RH:
pe CR-18A/U
MANUFACTURER: M. NO:
"
ul
INSTRUMENTS: TESTED BY:
D. Switzer
Lots Number 3 and Number k4 LAB SUP CHECK:
H. Barrett
ENGRG CHECK:
.86,
£
Seample Capacitance || Sample Capacitance|| Semple Capacitance
Number Pin-to-Pin Number Pin-to-Pin || Number Pin-to-Pin
Picofarads Picofarads Picofarads
61 5.5 81 5.5 101 5.5
62 5.3 82 5.3 102 5.6
63 5.3 83 5.4 103 5.3
6k 5.9 8l 9.4 104 5.1
65 9.k 85 5.k 105 5,04
66 5.3 86 5.5 106 5.1
67 5.6 87 5.4 297 5.2
68 5.6 £8 5.0 128 5.2
69 5.6 £9 .3 _109 3.1
f{o) 5:7 Q0 9.4 1i0 5.3
70 9.7 9l 9.7 1 S.b
2 5.6 R 5.3 112 5.3
13 5.3 93 5.6 13 5.3
T 5.4 Oly 9.h 14 9.h
15 5.2 Q99 5.% 115 5.4
T 5.3 .o 5.3 114 5.3
17 5.4 97 5.2 117 5.3
18 5.2 98 5.4 118 5.3
19 5.1 99 2.5 119 5.4
80 5.5 100 5.6 120 5.2
nt citarce of the crystal unfits shall noty exceed
1.0 pf, pin-tb-pin.
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GENERAL DATA SHEET

TEST SPEC: MIL-C- |PAR: TEST NO:
~Shunt, l)gﬁ{‘ !-}42.3
CONDITIONING: DATE:
|_Room apbient
MATERIAL: TEMP: RH:
CR-67/U
MANUFACTURER: M. NO:
IlAll
INSTRUMENTS: TESTED BY:
| D. Switzer
Lots Number 5 and Number 6 LAB SUP CHECK:
H. Barrett
ENGRG CHECK:
c. € ol s
174
Sample Capacitance || Sample Capacitance || Sample Capacitance
Rumber Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin
Picofarads Picofarads Picofarads
1 5.5 21 6.4 All 5.4
2 5.k 22 6.5 Al2 5.4
3 5.5 23 6.4 Al3 5.5
L 5.6 2L 6.5 Al 5.4
3 S 25 6.5 Al 5.6
6 5.6 26 6.6 Al6 5.3
7 5.5 27 6.4 Al7 5.3
8 5.4 28 6.6 Al8 5.6
9 5.6 29 6.4 Al9 5.5
10 5.8 30 6.4 A20 5.6
11 5.8 Al 5.4 A2l 5.5
12 5.7 A2 5.4 A22 5.4
13 5.6 A3 _5.5 __A23 5.3
14 5.9 Al 5.5 A24 5.5
15 5.5 AS 5.5 A25 5.4
16 5.6 AB 5.4 A28 5.7
17 5.7 A7 5.3 _A27 5.9
18 5.6 A8 5.3 A28 5.6
19 6.6 AQ 5.7 _A29 5.7
20 6.3 Al0Q 3.5 A3 5.6
7.0 pf, pin-to-pin,

—
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GENERAL DATA SHEET

TEST SPEC: MIL.r- | PAR: TEST NO:
= ce, Sountb 303%€C NN}
CONDITIONING: _ DATE:
{ Room ambient
MATERIAL: TEMP: RH:
crystas Unit, Quartz, Type CR-32:/U
MANUFACTURER: M. NO:
IlA"
INSTRUMENTS: T TESTED BY:
Lot Numbar 3 {LAB SUP CHECK:
H. Barrett
ENGRG CHECK:
¢ M "'L" i
Jample Capacitance || Sample Capacitance| Samplie Capacitance
Number Pin-to-Pin [ Number Pin-to-Pin || Bumber Pin-to-Pin
Picofarads Picofarads Picofarads
1 5.2 11 5.8 21 5.4
2 5.3 12 5.7 22 9.7
3 5.6 o, | 5.2 23 5.0
L 5.4 14 5.5 24 5.3
5 5.1 15 5.2 25 5.1
4 5.3 i6 5.2 26 5.2
7 5.2 i1 5.7 4 5.2
5 5.3 18 } 5,4 28 5.4
9 5.3 ! 19 ; 5.2 23 5.6
iQ 9.9 20 5.2 30 5.3

Required: The shunt capgcitance of the crystal units shall not|exceed

.0 pf, pin-tqd-pin.
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GENERAL DATA SHEET

TEST SPEC: M1L,-c- | PAR: TEST NO:
»Shunt, 3098c 4,7.3
CONDITIONING: DATE:
_Room ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, Type CR-184/U
MANUFACTURER: M. NO:
“B"
INSTRUMENTS: TESTED BY:
D. Switzer
Lot Number 1l and 12 LAB SUP CHECK:
H. Barrett
ENGRG CrECK:
: L, /! Za..
Sample Cepacitance || Sample Capacitance || Sample Capacitance
FNumber Pin-to-Pin Number Pin-to-Pin | Number Pin-to-Pin
Picofarads Picofarads Picofarads
1 5.8 21 5.9 L1 6.0
2 5.1 22 5.8 Lo 5.8
3 5.8 23 5.8 43 5.9
4 5.8 24 5.8 Ly 5.8
S 5.8 25 5.8 45 5.8
6 5.7 26 5.8 46 5.7
T 5.7 27 5.9 L7 5.7
8 58 28 5.8 L8 5.8
9 5.8 29 5.9 L9 5.9
10 5.8 30 5.8 50 5.9
11 2.7 31 5.7 51 5.9
12 5.0 32 5.8 52 5.9
13 5.7 33 5.8 23 5.8
1h 5.8 3 5.9 5h 5.9
15 5.7 35 5.8 25 5.8
16 5.8 36 5.9 56 6.0
17 5.8 37 5.9 Y& 9:9
18 5.8 38 5.7 58 6.0
19 5.9 39 6.0 59 6.0
20 5.9 40 5.9 60 6.0
Required: shunt capacitance of g§he crystal umits shall not} exceed
7.0 pf, pin-fo-pin.
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GENERAL DATA SHEET

TEST SPEC: MTIL-C- PAR: TEST NO:
Capacitance, Shunt 3098¢ L.7.3
CONDITIONING: DATE:
| _Room ambient
MATERIAL: TEMP: RH:
CR-184/u
MANUFACTURER: M. NO:
l'B"
INSTRUMENTS: TESTED BY:
jD._Switzer
LAB SUP CHECK:
Lot Number 13 H. Errett
ENGRG CHECK:
< Gijﬂﬂ__
Sample Capacitance | Sample Capacitance
Number Pin-to-Pin | Number Pin-to-Pin
Picofarads Picefaruds
61 5.8 76 5.9
62 5.8 11 5.7
A3 5.8 18 5.8
&l 5.8 79 5.7
65 5.8 50 5.8
66 5.9 81 5.8
67 5.8 82 5.8
63 5.0 83 .3
69 5.9 84 5.8
10 5.8 85 5.8
71 5.7 86 5.8
12 5.9 81 5.8
13 5.9 88 5.8
T4 5.9 89 5.8
15 5.8 2 5.1
Required: e _shunt capgacitance of the crystal
nits shall not exceed 7.0 pf, pin-to-
in.
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GENERAL DATA SHEET

TEST SPEC: MTL-C- | PAR: TEST NO:
. Shunt 3098C 4,7.3
CONDITIONING: DATE:
Room ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, Type CR-67/U
MANUFACTURER: M. NO:
"BH
INSTRUMENTS: TESTED BY:
D. Switzer
Lots Number 15 and Number 16 LAB SUP CHECK:
H. rrett
ENGRG CHECK:
C. f', Yo Rl ] -
174
Sample Capacitance } Sample Capacitance ||Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin [{Number Pin-to-Pin
Picofarads Picofarads Picofarads
1 LY 21 LY ALl 4.5
2 4.5 22 L.6 Al2 4.5
3 4.5 23 b .4 Al3 4.5
4 4.5 24 L.y All h.s
5. 4.4 25 4.6 AlS b4
6 L. L 26 h.Y Al6 h. b
4.5 21 4,5 Al7 4.6
a b5 28 b, b Al8 4,5
9 L.y 29 .4 Al9 4.5
10 4.5 30 L. 4 A20 4.5
11 4. b Al L. L A21 L.y
1 b.h A2 b L A22 4.5
13 h.5 A3 4.5 A23 4.4
14 bh.L Al b.b A24 4.5
15 4.5 AS L.5 A25 b.5
16 4.6 A6 L.y A26 L.s
17 4 b AT 4.6 A7 4.6
18 4.5 A8 L.5 A28 L.k
19 b4 A9 by 429 4.6
20 b4 AlO b.h AP b4
Required: t tance of the crystal ts 8 notl exceed
7.0 pf, pin-tp-pin.




GENERAL DATA SHEET

TEST SPEC: MIL-C~ | PAR: TEST NO:
Capacitance, Ghunt 3098C L.7.3
CONDITIONING: DATE:
|__Room Ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, Type CR-61[U
MANUFACTURER: M. NO:
"B“
INSTRUMENTS: TESTED BY:
| D, Switzer |
Lots Number 17 and Number 18 LAB SUP CHECK:
H. Barrett
ENGRG LHECK:
c.€.
>4
Sample Capacitance | Sample Capacitance| Sample Capacitance
Nunber Pin-to-Pin | Number Pin-to-Pin | Number Pin-to-Pin
Picofarads Picofarads Picofarads
T L.5 T21 L.b L1l
T2 L.5 T22 4.5 L2
T3 4.6 T23 4.6 Ll3
T L. b Tol 4,5 Llh
T3 L L T25 k.5 L15
v 4 6 A 4.6 L1A
T7 L.5 T27 L. L Ll7
TO 4.9 =8 'R’ L18
T L.5 T29 .4 119
T1Q 4.6 T30 L.b L20
™1 4.6 13 121
Ti2 h.6 L2 L22
T13 4.6 L3 123
T14 L.6 LA 124
T15 4.6 L5 125
6 4.6 16 L26
TL7 4.5 L7 127
T18 4.5 L8 128
T19 4.6 L9 L29
T20 4.5 L10 L30
.
7.0 pf, pin- [o-pin.
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GENERAL DATA SHEET

TEST SPEC: MTL,-C- | PAR: TEST NO:
-Capacitance, Shunt 3008¢ 4,7.3
CONDITIONING: DATE:
| Room ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, CR-74/U
MANUFACTURER: M. NO:
"B"
INSTRUMENTS: TESTED BY:
W. Janney
Lot Number 20 LAB SUP CHECK:
H. Barrett
ENGRG CHECK:
Cé 22?._,
Sample Capacitance | Sample Capacitance
Number Pin-to-Pin Rumber Pin-to-Pin
i cof’ Picofarads
1 4.6 16 4.5
2 h.b 17 4.5
3 L.s 18 k.5
L 4.5 19 k.5
S 4.4 20 b4
6 b b 21 L,5
1 .5 22 b b4
8 b.b 23 4.5
9 4.5 24 _4.b
10 L.4 25 4.5
11 b.b 26 L.6
12 4.b 21 4.5
13 4.4 28 4.5
14 4.4 29 4.5
15 4.5 30 L.6
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Conclusions

Since only a small percentage of the sample crystals are in the
storage portion of this program, and these have been in storage for
only a relatively short period of time, not enough data has yet been
accumulated that any useful evaluation and analysis can be performed.
When the next Quarterly Report is prepared, there will be sufficient
information recorded that a meaningful review and analysis can be made,

and some conclusions drawn concerning the objectives of this study.
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Program for the Next Interval

During the next report period, preproduction testing of all crystals
required for this program will be concluded, and all the crystals will
be in Phase II testing. The data presently on hand and the data accruing
during the next period will be analyzed to determine if any particular
factors that produce failures of quartz crystals can be identified and

explained.
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Identification of Personnel

During the period covered by this report, two peuple have been
directly assigned to this contract. These are the Project Engineer,
Mr. Carleton E. Jones, and a technician, Mr. Dixon Switzer. A descrip-
tion of their backgrounds was included in the First Quarterly Report.

A seconé engineer, Mr. Robert Pease, alsoc worked on this contract
during this report period, designing the printed ci:rcuit oscillators
used for the program, and supervising the fabrication and initial oper-
ation of the oscillator boards.

Through the end of this report period, Mr. Jones has performed
approximately 850 man-hours of work on ‘this contract, Mr. Pease 470
man-hours, and Mr. Switzer 690 man-hours.

A brief description of the background of Mr. Pease 1s given below.

PEASE, ROBERT W. - Engineer

Years Actively Engaged in Profession - 24 Years

Academic Training

Ohio State University 1931-193%

Fmployment Record

Dates Company Duties
1960 - Present Inland Testing Laboratories Engineer
1958 - 1960 Jackson Electrical Instr. Co. Engineer
1957 - 1958 Production Control Units, Inc. Engineer
1954 - 1957 Frigidaire Div. G.M.C. Process Engineer
1953 - 1954 Acro Mfg. Co. Project Engineer
1939 - 1953 Ranco Inc. Asst. Dir. of Lab.
1936 - 1938 Battelle Memorial Institute Lab. Technician
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Professional Experience

Inland Testing Laboratories - Engineer

Engaged in the designing of test fixtures and circuits; supervise
technicians in the performance of electrical and environmental tests;
prepare test procedures and reports.

Supervised test programs on aircraft transceivers; rescue trans-
mitters; alarm receivers; oseillescopes; Signal Corps transmitters and
receivers; R.F. broad band transformers; crystal test circuits and fix-
tures.

Jackson Electrical Instrument Co. - Engineer

Engaged in design of electronic circuits and instruments.

Designed transistorized marine depth sounder and detergent mixture
detector for commercial dish washers.

Production Control Units, .inc.

Engaged in design of special equipment.

Designed electrical circuits and requisitioned parts for automatic
vacuum alarm and dehydration equipment for hermetieally sealed refri-
geration compressors.

Frigidaire Division, General Motors Corp. - Process Engineer

Responsible for design and construction supervision of process
tools and equipment for use in manufacturer of motor starting relays.
This lncluded automatic control circuits and automated assembly and
inspection. Also responsible for plant layout for this department.

Acro Manufacturing Co. - Project Engineer

Responsible for design of spring forming machine and water level
control for automatic home washers and dish washers.

Ranco, Inc. - Asst. Director of Laboratory

Responsible for supervision of laboratory technicians during
absence of Director. Designed and supervised construction of laboratory
test equipment and production assembly and test equipment.

Battelle Memorial Institute - Lab. Technician

Performed tests necessary in study of the corrosion of various
steel alloys.
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